Thirteen strains of rod-shaped lactic acid bacteria, resistant to high concentrations of acetic acid, were isolated from the fermented broth of rice vinegar. These isolates showed homofermentation and differed from all the validly described homofermentative species of the genus Lactobacillus. Although the isolates were divided into two groups on the basis of acid production pattern from carbohydrates and nutritional requirements for growth, all showed extremely high deoxyribonucleic acid homology. The isolates were considered to represent a new species of the genus Lactobacillus. The two groups, based on their biochemical and physiological properties, were treated as biovar I and biovar II. A new species proposed for these isolates was named Lactobacillus acetotolerans. The type strain of L. acetotolerans sp. nov. is NBI 3014 (= JCM 3825).
* Corresponding author. cells were also observed with a JEOL scanning electron microscope (model JSM-T20). The modification of Hucker and Conn was used for the Gram stain (8) . The motility of the cells cultured on a Briggs agar plate (pH 5.0) (1) was tested after 3 to 21 days at 25 and 30°C. Colonial appearance was observed on a Briggs agar plate (pH 5.0) after 14 days at 30°C.
Biochemical and physiological characteristics. For acid production from carbohydrates, LB medium (16, 17) adjusted to pH 5.5 was used as a basal medium and bromcresol purple was added as a pH indicator. The carbon sources, sterilized separately by filtration, were added to the sterile basal medium to give final concentrations of 0.5%, except for esculin whose final concentration was 0.25%. The color change was observed for 7 to 21 days. Formation of gas from D-glucose or D-gluconate was examined with Durham tubes. Gas formation from D-glucose was also examined in Briggs liver broth (pH 5.5).
Hydrolyses of esculin and starch, ammonia from arginine, nitrate reduction, formation of hydrogen sulfide, gelatin liquefaction, and reaction to milk were tested by methods previously described (7) , except that the media were adjusted to pH 5.5 (the pH of the milk medium was not adjusted). For the determination of catalase (7) and oxidase (27) activities, the isolates were cultivated on Briggs agar plates (pH 5.0) for 5 to 14 days at 30°C.
For the determination of the configuration of lactic acid, OR medium (16, 17) adjusted to pH 5.5 was used. After 10 days at 30"C, total lactic acid was determined with a Seishin carboxylic acid analyzer (model S603; Seishin Pharmaceutical Co., Ltd., Noda, Japan). The concentration of L-(+)lactic acid was determined with F-Kit L-lactic acid (Boehringer Mannheim Yamanouchi Co., Ltd., Tokyo, Japan). The percentage of lacti lactic acid was calculated by the formula of Cat0 and Moore (3).
The effect of temperature on growth was determined in Briggs liver broth (pH 5.5) after 10 days. The effect of pH on growth was determined in Brigg's liver broth after 10 days at 30°C.
Acetic acid tolerance was examined for 10 days at 30°C at pH 3.5 and 5.0. Briggs liver broth was used as a basal medium for all the strains except L . homohiochii ATCC 15434T. The basal media were supplemented with 1 to 12% acetic acid. The final pHs of the media were adjusted with NaOH. Growth of the strains in rice vinegar with 4% acetic VOL. 36, 1986 LACTOBACILLUS ACETOTOLERANS SP. NOV. acid and in sake with 15% (vol/vol) ethanol was studied for 3 months at 25°C in tightly stoppered bottles. Nutritional requirements. The requirements for growth of the isolates were determined by the method of Momose et al. (18) . Vitamin-free casein hydrolysate (enzymatic) (ICN Pharmaceuticals Inc., Life Sciences Group, Cleveland, England) was used for peptides.
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Cell wall analysis. The preparation and analysis of the peptidoglycan were performed as described by Schleifer and Kandler (24) . The presence of diaminopimelic acid isomers in the cell wall was examined by the method of Staneck and Roberts (26) .
Preparation of deoxyribonucleic acid (DNA). DNA was isolated by the method of Saito and Miura (23) . For the strains not sensitive to lysozyme, cultivation media supplemented with 4% glycine were used (31) .
DNA base composition. The DNA base composition was calculated from the melting temperature (13) obtained with a Beckman DU-8 spectrophotometer (Beckman Instruments, Inc., Fullerton, Calif.). DNA isolated from Escherichia cofi K-12 was used as a reference of 51.0 mol% guanine plus cytosine (G+C) (9) .
DNA relatedness. DNA-DNA hybridization experiments were performed at 60°C (28) . DNAs were labeled with the Nick Translation System 3H-(New England Nuclear Corp., Boston, Mass.). DNA from L . maftaromicus JCM 1154T with 36.0 mol% G + C (14) , which contains mesodiaminopimelic acid isomers (30) , was used as a negative control.
RESULTS
Morphology of the isolates.
All isolates were gram-positive, nonmotile, and nonsporeforming rods (Fig. 1 ). The cell size was generally 0.4 to 0.5 by 1.1 to 3.4 p,m. The cells occurred singly, in pairs, or occasionally in short chains. After incubation on Briggs agar plates (pH 5.0) for 14 days, colonies of all isolates were 0.3 to 1.5 mm in diameter, circular to irregular, convex, opaque, yellowish white, rough, and undulate.
Biochemical and physiological characteristics. Biochemical and physiological characteristics of the isolates and the authentic strains are shown in Table 1 . All strains showed negative reactions for nitrate reduction, formation of hydrogen sulfide, gelatin liquefaction, catalase, and oxidase.
The isolates were divided into groups I and 11. The isolates of group I produced acid from D-mannitol (aerobically) but not from cellobiose, whereas the isolates of group I1 produced acid from cellobiose but not from D-mannitol.
The isolates grew from pH 3.3 to 6.6, except for NBI 3025 and NBI 3026 which grew from pH 3.3 to 6.8 and NBI 3016 and NBI 3018 which grew from pH 3.3 to 6.3. The isolates generally grew on Briggs liver broth (pH 5.0) at 23 to 40"C, except for NBI 3021, NBI 3022, NBI 3023, and NBI 3026 which grew at 23 to 35"C, and NBI 3025 which grew at 30 to 35°C. The isolates produced both L-( +)-and D-( -)-lactic acid from D-glucose. Acetic acid tolerance of the isolates was 9 to 11% at pH 5.0 and 4 to 5% at pH 3.5.
Nutritional requirements. The isolates generally required riboflavin, pantothenic acid, folic acid, uracil, and Tween 80. They could be divided into two groups on the basis of nutritional requirements for growth. These two groups corresponded to those based on acid production from carbohydrates (Table 1) . Strains of group I1 required, in addition, pyridoxal, nicotinic acid, vitamin B12, and peptides. None of the isolates required thiamine, p-aminobenzoic acid, biotin, adenine, guanine, xanthine, mevalonic acid, acetic acid, or ethanol for growth.
Chemotaxonomic characteristics. The isolates possessed the L-lysine (Lys)-D-aspartic acid (Asp) type of peptidoglycan and did not contain diaminopimelic acid isomers or ornithine. The G+C contents of the strains ranged from 35.3 to 36.5 mol% (Table 1) .
DNA relatedness. DNA-DNA homologies are shown in Table 2 . When strains NBI 3014 and NBI 3021 were used as references, DNA relatedness was 100 to 90% and 101 to 84%, respectively, to the other vinegar isolates. Of 14 Lactobacillus strains used for comparison, no strain showed high relatedness to the reference strains. L . maftaromicus JCM 1154T and an obligately anaerobic species, L . catenaforme JCM 1121T, showed extremely low relatedness (5 to 4% and 2%, respectively) to both reference strains.
DISCUSSION
The morphological, biochemical, and physiological characteristics of the bacteria isolated from fermented broth of rice vinegar suggest that these organisms belong to the family Lactobacilfaceae (2). All the isolates were grampositive, facultatively anaerobic, nonmotile, nonsporeforming rods occurring singly, in pairs, or occasionally in short chains. They produced a large amount of lactic acid, but no gas, from D-glucose and did not produce hydrogen sulfide, nitrite, oxidase, and catalase. They required some vitamins for growth. These properties indicate that the isolates belong to the homofermentative group of the genus Lactobacillus (21, 22) . The isolates are clearly different from the members of other genera of the family Lactobaciffaceae.
L . fructivorans has been isolated from spoiled food containing acetic acid, such as mayonnaise, salad dressings, and vinegar preserves, and is known to be acetic acid tolerant (5, 29). However, L. fructivorans is heterofermentative and tolerant to, at most, 2 to 3% acetic acid (at pH 3.5).
Homofermentative members of the genus Lactobacillus are divided into two subgenera, Streptobacterium and Thermobacterium based on the ability to grow at 15°C (21, 25) . Although thermobacteria do not grow at this temperature, streptobacteria are capable of growth at 15°C and occasionally even at 6 to 7°C. Furthermore, most streptobacteria produce acid and gas from gluconate and acid from ribose; thermobacteria do not produce acid from these substrates (21, 25) . The vinegar isolates did not grow at 15°C and did not produce acid and gas from gluconate. Some strains produced acid from ribose. Thus, they showed features intermediate to the two subgenera. Their peptidoglycan was of the L-LYS-D-Asp type, and the strains showed a range of DNA base compositions similar to those of the low G+C content group of Lactobacillus (15) . The vinegar isolates had a feature in common with L . helveticus, L. acidophilus, L . gasseri, and L. crispatus, in that all produced DL-lactic acid. L . hornohiochii also has the ability to grow in sake and has acidophilic properties. However, these five species differ from the vinegar isolates in their patterns of acid production from carbohydrates. L. aviarius was proposed very recently by Fujisawa et al. (6) . However, L. aviarius is clearly different from the present isolates in its pattern of acid production from carbohydrates, in growing only under strictly anaerobic conditions, and in exhibiting coccoid cells (6).
DNA hybridization experiments revealed genetic relationships among the vinegar isolates and authentic strains of homofermentative lactobacilli, with similar DNA base compositions and peptidoglycan types. All authentic strains studied showed relatively low DNA relatedness to the vinegar isolates, whereas there was high relatedness among the isolates themselves. Although the isolates could be divided clearly into two groups based on acid production from some carbohydrates and on some nutritional requirements, the results of the DNA hybridization contradicts the division into two groups.
From these results, we conclude that the isolates from the fermented broth of rice vinegar should be classified into a new species of the genus Luctobacillus. Therefore, a new species, "Lactobacillus acetotolerans" , is proposed for the 13 isolates. The characteristics differentiating the new species from L . helveticus, L . acidophilus, L . gasseri, L . crispatus, and L . homohiochii are shown in Table 3 . Groups I and I1 of the isolates are designated as biovars I and 11, respectively, on the basis of their acid production patterns from carbohydrates and their nutritional requirements.
Description of Lactobatillus acetotolerans sp. nov. Lactobacillus acetotolerans (a. ce. to. tole. rans L. n. acetum vinegar; L. pres. part. tolerans tolerating, enduring; M. L. part, adj. acetotoleruns vinegar tolerating.) cells are gram-positive, nonsporeforming rods (generally 0.4 to 0.5 by 1.1 to 3.4 Fm) that occur singly, in pairs, or occasionally in short chains. The colonie9 are 0.3 to 1.5 mm in diameter, circular to irregular, convex, opaque, yellowish white, rough, and undulate when grown at 30°C for 14 days on Briggs agar (pH 5.0). Growth is generally observed at pH 3.3 to 6.6 and at 23 to 40°C. Resistant to 4 to 5% and 9 to 11% of acetic acid at pH 3.5 and 5.0, respectively.
Facultatively anaerobic and produces DL-lactic acid (wthol) at: Acid production from: lysis Growth at or in: acetic acid (%) homofermentatively , but catalase and oxidase are not produced. Does not reduce nitrate to nitrite or produce hydrogen sulfide. No gas is produced from D-glucose or Dgluconate. Esculin is hydrolyzed; arginine and starch are not hydrolyzed. Milk is not curdled. Acid is produced from D-glucose, D-mannose, D-fructose, trehalose, esculin, and salicin but not from D-gluconate, L-arabinose, D-xylose, L-rhamnose, L-sorbose, D-galactose, sucrose, lactose, melibiose, raffinose, melezitose, starch, or D-sorbitol. Acid production from D-ribose, maltose, cellobiose, and D-mannitol varies with the strain.
Species and biovar
Riboflavin, pantothenic acid, folic acid, uracil, and Tween 80 are required for growth, but thiamine, p-aminobenzoic acid, biotin, adenine, guanine, xanthine, mevalonic acid, acetic acid, and ethanol are not required. Some strains require pyridoxal, nicotinic acid, vitamin B12, and peptides.
Cell wall peptidoglycan is of the Lys-Asp type, and DNA base composition is 35.3 to 36.5 mol% G + C .
The habitat of the species is fermented vinegar broth. The type strain is NBI 3014 (=JCM 3825). The characteristics of the type strain are given in Table 1 .
Biovars of L. acetotoleruns. Biovars I and I1 of L.
acetotoleruns correspond to groups I and 11, respectively, of the isolates. Strains of biovar I produce acid from Dmannitol but not from cellobiose. In contrast, strains of biovar I1 produce acid from cellobiose but not from Dmannitol. Strains af biovar I1 are more fastidious than those of biovar I. Only the strains of biovar I1 require nicotinic acid, vitamin B12, and peptides in addition to the common growth factors.
